Objectives: To compare pre and post-ART attrition between youth (15-24 years) and other patients in HIV care, and to investigate factors associated with attrition among youth.
Introduction
Currently, an estimated four million HIV-infected youth aged 15-24 years reside in sub-Saharan Africa [1] , and account for 20% of all people living with HIV/AIDS in the region [2] . With approximately 40% of all new HIV infections occurring among youth [3] and perinatally infected children on antiretroviral therapy (ART) aging into this group [4] , this population is expected to grow. As young people are critical to the economic future of sub-Saharan Africa, optimizing outcomes across the HIV care cascade among HIV-infected youth is a priority [5] .
The transition from childhood through adolescence to adulthood often involves rapid, sometimes destabilizing, change that may compromise these outcomes. Youth may leave parental supervision to form their own families, and/or migrate for work or education. They may make healthcare decisions for themselves for the first time, often without sufficient knowledge of the importance of sustained engagement with healthcare systems. The effect of these and the other psychosocial, cognitive and behavioral changes that characterize this period is reflected in the emerging literature on HIV-related outcomes among young people. Several studies in sub-Saharan Africa have shown that when compared with adults 25 years and older, youth are substantially less likely to know their HIV status [6] [7] [8] [9] , and youth in sub-Saharan Africa have been found to lack basic knowledge about HIV/AIDS transmission and prevention [1, 10] . Published data on treatment outcomes among adolescents and youth on ART also show worse adherence, retention and survival in these groups compared with older adults [11] [12] [13] [14] [15] [16] [17] .
Very little information is available, however, on outcomes among youth enrolled in HIV care who are not yet eligible for ART. Data are also lacking on the role services targeting young people play in improving outcomes among youth in HIV care and on ART. We used routinely collected patient-level and clinic-level data from a large, multicountry service delivery program in sub-Saharan Africa to compare attrition before and after ART initiation between youth and younger adolescents and older adults, and investigated factors associated with attrition among youth.
Methods

Study population
The study population included patients aged at least 10 years who enrolled in HIV care between January 1, 2005 and September 30, 2010 at 160 HIV care and treatment clinics in four sub-Saharan African countries: Kenya (41 clinics), Mozambique (31), Rwanda (41), and Tanzania (47). Patients were followed up until September 30, 2011. 'Enrolling into HIV care' is defined as the date in which a patient, after testing HIV-positive, attends an HIV care clinic for a visit and that date is recorded on the enrollment form. Information is not available on the proportion of patients testing HIV-positive at a given clinic who subsequently enroll into HIV care. All clinics were receiving technical and financial support from ICAP at Columbia University through funding from PEPFAR. Provision of services at each clinic was governed by national guidelines.
Data sources
Patient-level data Patient information routinely collected during each clinic visit (described in Table 1 ) was documented by clinicians on national patient forms. Information from these forms was regularly entered into on-site electronic databases by data clerks. Information is collected at enrollment and subsequent follow-up visits, with visit frequency depending on patient immunologic status and whether they have initiated ART. Data quality assessments were done at least annually at each clinic. Each quarter, these data were deidentified at the site-level, encrypted and transferred to the ICAP-Columbia University office in-country, and imported into a common-format database maintained in ICAP-Columbia University's New York office. Use of these de-identified patient-level data for research purposes has been approved by the Columbia University Medical Center IRB and ethical review boards in each of the four countries.
Clinic-level data
Data on clinic characteristics were derived crosssectionally from structured assessments completed by ICAP staff in consultation with clinical employees in August 2011 and applied retrospectively. These assessments captured information regarding: type of setting (urban, semi-urban, and rural); type of facility (primary, secondary, and tertiary); year the HIV care and treatment clinic was established; availability of adolescent-targeted services, including dedicated clinic hours for adolescents, adolescent peer educators, and adolescent support groups; and availability of services likely to be utilized by youth, including screening for sexually transmitted infections, condoms and hormonal contraceptives, and education on high-risk substance abuse behavior.
Outcome definitions
Pre-antiretroviral therapy outcomes Cumulative incidence through 1 year after enrollment into HIV care of transferring out to another facility before initiating ART, recorded death before ART initiation, loss to follow-up before ART initiation, and ART initiation was assessed for all patients enrolling into HIV care between January 2005 and September 2010. In the pre-ART period, patients were considered lost to followup (LTF) within 1 year if they were not reported as dead or transferred within 1 year and did not make a clinic visit for 1 year with no subsequent visit.
Outcomes after antiretroviral therapy initiation
The subset of patients who initiated ART between January 2005 and March 2011 were assessed for outcome status through 1 year after ART initiation as follows. Cumulative incidence was calculated as the proportion of patients initiating ARTwho transferred to another facility, were reported death, and became LTF. ART patients were considered LTF within 1 year if they were not reported as dead or transferred within 1 year and either were recorded as stopping ART treatment or did not make a clinic visit for 6 months with no subsequent visit. All patients recorded as stopping ART treatment additionally met the visit date-based definition of LTF.
Attrition
The primary outcome was incidence of attrition through 1 year after enrollment in HIV care or ART initiation, depending on the analysis. In both cases, attrition was defined as a documented death or LTF.
Statistical analysis
Patients were categorized by age at enrollment into HIV care or ART initiation: 10-14 years (young adolescents), 15-24 years (youth), 25-54 years, and at least 55 years. Pre-ARTand ART patients who were LTF were censored at 90 and 15 days after their last visit, respectively, approximating the midpoint between expected visits.
Age comparison of pre-antiretroviral therapy and postantiretroviral therapy attrition For all patients, sub-distribution hazard ratios (sHR) for rates of attrition in the pre-ART period were compared between age groups treating ART initiation and pre-ART attrition as competing risks following the methods outlined by Fine and Grey [18] . Sub-distribution hazard ratios present the relative hazard of pre-ART attrition through 1 year after enrollment into care. Among the subset of patients who initiated ART, hazard ratios (HR) for rates of attrition through 1 year after ART initiation were compared between age groups using Cox proportional hazards models. Standard errors were calculated using robust sandwich estimates for variance to account for within-clinic clustering of patients. Both crude and adjusted models were estimated, with adjusted models controlling for sex, pregnancy status, year of enrollment/ ART initiation, point of entry into HIV care (e.g., PMTCT, VCT, PITC, TB/HIV), CD4 þ count at enrollment/ART initiation, TB treatment status at enrollment/ART initiation, country, facility type (primary, secondary, tertiary), and clinic location (urban, semi-urban, and rural).
Factors associated with attrition among youth
Among youth, we also identified patient and clinic-level characteristics associated with pre-ART attrition using the methods described above. In addition to examining the association between the factors listed above, we assessed the association between the availability of adolescent-targeted services and availability of services likely to be utilized by youth described earlier. Not all variables measuring availability of adolescent-targeted services had sufficient heterogeneity within country, reducing our ability to jointly adjust for country-level effects and availability of these services. Consequently, multicountry adjusted models included only those services with at least four clinics in each country offering a given service, and at least four clinics in each country not offering a given service. Additional analyses investigated the association between the remaining adolescent-targeted services and attrition in those countries with sufficient heterogeneity. One year after enrollment into HIV care, 22% of all patients were retained in pre-ART care, 42% had initiated ART, 3% had transferred to another facility, 2% were known to have died, and 32% were LTF. Compared with the overall population, a substantially higher proportion (48%) of youth were LTF, and a smaller proportion of youth initiated ART (25%) (Fig. 1a ). Among the 140 798 patients initiating ART with at least 1 year of potential follow-up (those initiating between January 2005 and September 2010), 70% of all patients were retained on ART, 7% transferred to another facility, 5% were known to have died, and 17% were LTF 1 year after ART initiation. Compared with the overall population, a substantially higher proportion of youth were LTF (27%) ( Fig. 1b ). Among youth, nearly all attrition prior to ART initiation (98%) and the vast majority after ART initiation (87%) resulted from LTF.
Results
Attrition before and after antiretroviral therapy initiation by age group Adjusted for sex, pregnancy status, point of entry into care, TB treatment status at ART initiation, CD4 þ count at ART initiation, year of ART initiation, country, facility type (primary vs. secondary/tertiary) and facility location (urban, semi-urban, rural). c Sub-distribution hazard ratio accounting for ART initiation as a competing risk for pre-ART attrition.
aged at least 55 years. One year after ART initiation, youth also experienced substantially higher attrition compared with other age groups: HR ¼ 2.45 (95% CI: 2.15-2.80) for youth vs. younger adolescents 10-14 years; HR ¼ 1.59 (95% CI: 1.52-1.67) for youth vs. adults aged 25-54, and HR ¼ 1.62 (95% CI: 1.51-1.74) for youth vs. adults aged at least 55 years. Pre-ART and Post-ART LTF was highest among youth compared with other age groups in each of the four countries (data not shown). , and those with CD4 þ cell counts less than 100 cells/ml at enrollment into HIV care (RR ¼ 1.2, 95% CI: 1.1-1.4) experienced higher attrition compared with those enrolling with CD4 þ cell counts between 100 and 200 cells/ml. Youth enrolling into HIV care while on treatment for tuberculosis experienced substantially lower attrition in the pre-ART phase compared with youth enrolling not on tuberculosis treatment (RR ¼ 0.60, 95% CI: 0.48-0.73). Country was also strongly associated with pre-ART attrition: Youth attending clinics in Kenya (RR ¼ 2.7, 95% CI: 1.9-3.9), Mozambique (RR ¼ 4.3, 95% CI: 3.1-5.9), and Tanzania (RR ¼ 2.2, 1.6-3.3) had higher pre-ART attrition compared with youth attending clinics in Rwanda.
Factors associated with attrition among youth
Among clinic-level characteristics assessed, youth attending clinics in semi-urban locations experienced moderately higher attrition (RR ¼ 1.24, 95% CI: 1.00-1.53) 1 year after enrollment in HIV care compared with youth attending clinics in urban settings. Pre-ART attrition was not associated with any of the four adolescent-friendly services assessed with sufficient within-country heterogeneity (adolescent-specific clinic hours, screening for sexually transmitted infections (STIs), provision of condoms, and provision of hormonal contraceptives). In sensitivity analyses restricted to the countries with sufficient heterogeneity to examine whether availability of adolescent support groups, availability of adolescent peer educators, or education on high-risk substance abusing behavior was associated with pre-ART attrition, no significant association was observed (data not shown).
In analyses focusing on attrition among youth 1 year after ART initiation (Table 3 ), both pregnant (RR ¼ 0.85, 95% CI: 0.74-0.97] and nonpregnant (RR ¼ 0.79, 95% CI: 0.73-0.86) female youth had lower attrition after ART initiation compared with male youth. Compared with those entering HIV care through VCT, youth initiating ART after identification through PICT (RR ¼ 1.5, 95% CI: 1.3-1.7) or unknown points of entry (RR ¼ 1.3, 95% CI: 1.0-1.6) had higher attrition, while other points of entry (mostly at clinics other than the enrollment clinic) were not significantly associated with attrition. One year after ART initiation, youth missing CD4 þ cell counts at ART initiation (RR ¼ 1.4, 95% CI: 1.2-1.6), and those initiating ART with CD4 þ cell counts more than 350 cells/ml (RR ¼ 1.2, 95% CI: 0.99-1.5), and CD4 þ cell counts less than 100 cells/ml (RR ¼ 1.3, 95% CI: 1.2-1.5) had higher attrition than patients initiating ART with CD4 þ cell counts between 100 and 200 cells/ml. In contrast to the pre-ART findings, no difference in attrition after ART initiation was observed depending on tuberculosis treatment status (RR ¼ 1.1, 95% CI: 0.81-1.4). Similar to the results in the pre-ART analysis, youth attending clinics in Kenya (RR ¼ 2.5, 95% CI: 1.6-3.8), Mozambique (RR ¼ 4.3, 95% CI: 3.3-5.7), and Tanzania (RR ¼ 2.3, 1.5-3.5) had higher attrition after ART initiation compared with youth initiating ART in Rwanda.
Among clinic-level factors assessed, there was no significant difference in attrition among youth by facility location or type. Among adolescent-friendly services investigated, clinics providing condoms had substantially lower attrition after ART initiation (RR ¼ 0.47, 95% CI: 0.32-0.70), while those offering adolescent-specific clinic hours experienced moderately higher attrition (RR ¼ 1.5, 95% CI: 1.1-2.1). Screening for STIs and provision of hormonal contraceptives was not associated with attrition after ART initiation in this analysis. In analyses restricted to countries with sufficient variability in availability of adolescent support groups, education on high-risk substance abusing behavior (Kenya, Mozambique, Rwanda), youth attending clinics offering adolescent support groups had lower attrition (RR ¼ 0.73, 95% CI: 0.52-1.0), while those attending clinics offering education on high risk substance abusing behavior had higher attrition (RR ¼ 1.3, 95% CI: 1.1-1.5). In Rwanda, the sole country with sufficient heterogeneity in the availability of adolescent peer educators, attrition was substantially lower at clinics with this service (RR ¼ 0.30, 95% CI: 0.07-1.3), although the confidence interval was wide due to the small clinic sample size. 
Discussion
As the first multicountry and largest study to date on attrition among HIV-infected youth enrolled in HIV care and on ART in sub-Saharan Africa, this study provides important insights on program outcomes previously not sufficiently described. Specifically, in addition to confirming attrition 1 year after ART initiation is highest among youth compared with all other age groups, as shown in other studies [11] [12] [13] [14] [15] [16] [17] , we found that youth were substantially more likely than young adolescents and older adults to die or be lost to follow-up before initiating ART. These findings, across a large and diverse study population covering 160 clinics and four countries in sub-Saharan Africa, held after adjustment for important patient-level and clinic-level factors.
Eighty-five percent of youth in our study population were female, on par with the sex distribution observed among adolescents and young adults in other studies in Africa [11, 13, 19, 20] . In our study, 19% of female youth were pregnant at enrollment into HIV care, and 20% enrolled through PMTCT, highlighting an important point of entry into clinical care for this population.
Youth also enrolled into HIV care on average healthier than the younger and older adult patient population. Our observation of high attrition among youth compared with other age groups after adjustment for baseline markers of health (CD4 þ cell count and tuberculosis treatment status) suggests that youth may be becoming LTF for reasons other than illness. High levels of migration for work [21] , and lack of belief in the benefits of attending clinic and initiating ART among youth [22] , particularly if healthy and not yet eligible to initiate ART, are two potential explanations for these findings.
Our findings also indicate a potential benefit of certain services targeting young people on attrition, particularly after ART initiation. One hypothesis why such services were not associated with improved pre-ART retention may be that youth lost to follow-up in the pre-ART phase tend to be lost very soon after enrollment, and may not have had the opportunity to engage in the adolescentfriendly services offered at the clinic. After ART initiation, youth attending clinics that offered condoms and adolescent support groups experienced substantially lower attrition after ART initiation than youth attending clinics not offering these services. Further, among youth in Rwanda, those attending clinics with adolescent peer educators experienced lower attrition than those attending clinics not offering this service. Further analyses, including qualitative analyses, are needed to explore why certain services were associated with improved attrition, and certain services were not.
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investigating attrition among youth enrolled in HIV care and treatment in sub-Saharan Africa. Additionally, it is the first to examine outcomes both before and after ART initiation, as well as the first to assess whether availability of services targeting young people is associated with a decreased risk of attrition among youth. Use of data collected as part of routine care, rather than in a research setting, also strengthens our study to investigate current conditions at facilities typical of those wherein a majority of individuals seek HIV care.
A few limitations must also be noted. A large proportion of patients were missing data on CD4 þ cell count, an important risk factor for attrition. Given the likelihood that patients missing CD4 þ cell counts differ systematically from those with complete data, we included a 'missing' CD4 þ cell count category in all analyses, rather than imputing these data. Second, when investigating the association between services targeting adolescents and attrition, we were unable to completely separate out the effect of these services from more general betweencountry differences in attrition because not all services had sufficient within-country heterogeneity. Analyses described in this article remove countries with insufficient heterogeneity from analyses, but caution is warranted in generalizing these results, as we cannot rule out that some of the associations between adolescent-targeted services and attrition are due to confounding by country effects. Additionally, information on the availability of adolescent-friendly services was obtained in 2011, after follow-up of the patients in the study. We expect that clinics initiated rather than terminated adolescent-friendly services during the study period, leading to potential over-estimation of the proportion of patients enrolled in HIV care at clinics with such services. This likely biases our measures of the association between availability of adolescent-friendly services and attrition toward the null, and thus our results should be considered lower bound estimates. Further, as data were available on services targeting adolescents rather than youth, we assumed that adolescent-friendly services were also used by youth. Finally, as we had no information on means of HIV acquisition, we were unable to assess whether risk factors for attrition vary between perinatally infected youth and those who acquired HIV behaviorally.
In conclusion, we show that youth accessing HIV care services in 160 clinics across four sub-Saharan African countries severely affected by the HIV epidemic are at substantially higher risk of attrition than younger adolescents and older adults both before and after ART initiation, and that adolescent-friendly services may beneficially impact retention among youth after ART initiation. To enhance retention in this important and growing population, we suggest that youth-friendly interventions be implemented and evaluated for their effectiveness in improving retention.
